Aluminium refining process by blowing the metal by inert gas, especially argon was examined. Physical (water) model of URO-200 refining reactor was built and then used in the research. It had transparent walls, so the phenomena occurring during the process could be observed. Research was carried out to find the influence of processing parameters like rotary impeller speed and flow rate of refining gas on the dispersion level and as a consequence to choose these processing parameters properly. The investigation was done using test stand equipped with a baffle and without a baffle, then comparison was made. Tests were conducted for flow rate of refining gas changing from 5-15 dm 3 /min and rotary impeller speed in the range from 0 to 400 rpm.
Introduction
Nowadays aluminium refining process belongs to important technological steps in obtaining aluminium. It gives possibility to remove hydrogen (which causes porosity) and nonmetallic and metallic inclusions such as borides, oxides, carbides. To obtain high quality aluminium products with the level of hydrogen should be lower than 0.1 cm 3 /100g Al [1] . Hydrogen in aluminium alloys comes from the chemical reaction between liquid aluminium and moisture present in the furnace atmosphere. As a result solid alumina and molecular hydrogen are created. It can be written in the following form [2] Hydrogen as well as metallic and non-metallic impurities worsen the properties of aluminium and its alloys because of gaseous porosity, shrinking and shrinkage porosity; that is why the refining process becomes one of the basic technological steps of obtaining high quality metal. There are many methods of aluminium refining; however today blowing metal by refining gas seems the most universal and popular. As a refining gas argon or chlorine is used, but chlorine is DOI 10.12776/amsc.v4.253 ISSN 1338 -1660 less used or it is used as an addition to argon; sometimes only argon is used [3, 4] . Table 1 shows the comparison of refining efficiency applying argon and chlorine. If only argon is used the level of metallic impurities removal is lower; although taking into account ecology it is sufficient, as some parts of metallic and non-metallic inclusions are removed via flotation. Parameters of these reactors vary in the wide range: flow rate of refining gas from 10 to 300 dm 3 /min; flow rate of metal in the case of continuous reactor from 2500 to 65000 kg/h and rotary impeller speed from 0 to 950 rpm. In Poland reactor URO-200 is commonly applied in many foundries. It was designed in the Institute of Nonferrous Metals -Division of Light Metals in Skawina. This is a bath reactor with rotary impeller easy to transport. Table 2 presents the basic working parameters of this reactor. 
Physical modelling -test stand and research procedure
If the method of aluminium blowing by argon is efficient, it is required to chose properly processing parameters like rotary impeller speed and flow rate of refining gas and to know better the phenomena occurring during the process. It is expensive and rather difficult to carry out experimental test in the industry. That is why modelling method, especially physical one is applied. Physical modelling is commonly used for getting information about phenomena occurring during the processes in ferrous and nonferrous metallurgy [12] [13] [14] [15] [16] [17] [18] . It is really important to know the hydrodynamics of the process, because it then enables to improve and control the given process. In physical model water is used as a modelling agent. The purpose is easy: water is cheap, available and the most important its dynamic viscosity in room temperature is similar to the dynamic viscosity of aluminium in temperature required for refining. If the results coming form such research are representative and can be transferred into real condition, physical models are built according to the strict rules coming from the theory of similarity [19, 20] . This similarity concerns the characteristic features of the real object which has an important influence on the phenomena occurring in the studied process.
In modelling research concerning aluminium refining process the most necessary is to fulfil the following conditions:
(1) the geometrical similarity of a model and a real object, (2) hydrodynamic similarity for the liquid flow in a model and in an object; it concerns especially kinetic, dynamic and thermal similarity. The fulfilment of such similarities can be realized basing on the equality rule of the appropriate criterial numbers in the model and in the studied object. In aluminium refining process the most important are: Froude number, Reynolds number and Weber number. Table 3 presents the values of these numbers calculated for water in room temperature and for aluminium in temperature 973K. To determine the conditions that occur in the URO-200 reactor the physical model was built at the 1:1 scale. In the research two different impeller nozzles were tested. Both are presented in 
Discussion
In case of results obtained for modelling the refining process of aluminium in the reactor without the baffle (plain black rectangular in Fig. 5 to 10 ) the funnel can be seen (see Fig. 3c and 4c ) especially when the flow rate of refining gas (10 dm 3 /min or higher) and rotary impeller speed (400 rpm and higher) are quite high. Additionally dangerous swinging of the liquid in the reactor was seen, which as a consequence can lead to pouring out the liquid from the reactor. This is observed for both kinds of impeller nozzles, so the conclusion was to install the baffle for further research. Generally four different patterns of dispersion can be observed in the obtained results. When there is no rotation in all cases of flow rate of refining gas the minimal dispersion is observed; gas bubbles rise up to the surface, they are rather big and mixing with modelling agent is minimal and observed only near the rotary impeller shaft. For the rotary impeller speed equal 200 rpm for nozzle No 1 for the flow rate 10 and 15 dm 3 /min intimate dispersion is observed -relatively good mixing in the whole volume of the reactor is seen, only near sidewalls and in the bottom of the reactor there is no mixing. In case of nozzle No 2 for the above condition there is almost the same mixing of gas bubbles with modelling agent. However, it is observed that gas bubbles are bigger which is not favourable.
For the rotary impeller speed equal 400 rpm for nozzle No 1 for the flow rate of refining gas 10 and 15 dm 3 /min the most desirable dispersion -uniform one -is observed. Good mixing of gas bubbles with modelling agent in the whole reactor is seen. For nozzle No 2 for the flow rate of refining gas 5 also the uniform dispersion is observed, whereas for the flow rate of refining gas 10 and 15 dm 3 /min the creation of swirls and bubbles chain is seen, which is unfavourable because removed hydrogen can be again introduced into the liquid metal.
Conclusions
The conducted research enables to draw the following conclusions: (1) modelling research is a good solution to find optimal parameters of aluminium refining process, additionally it enables to observe phenomena occurring during its run, (2) it is necessary to equip the refining reactor with a baffle to protect the aluminium melt from creating funnel and against the danger of pouring out the liquid from the reactor, (3) geometry of the nozzle considerably influences the working conditions of the refining reactor, (4) nozzle No 1 and 2 works in different way, however they reach uniform dispersion in comparable processing conditions, (5) for nozzle No 1 the optimal conditions are the flow rate of refining gas about between 10 to 15 dm 3 /min and rotary impeller speed not higher than 400 rpm, (6) for nozzle No 2 the optimal conditions are the flow rate of refining gas equal 5 dm 3 /min and rotary impeller speed 400 rpm or lower, additional research for rotary impeller speed between 200 and 400 rpm should be done.
